Previous research on the effect of word length on reading confounded the number of letters (NrL) in a word with its spatial width. Consequently, the extent to which visuospatial and attentionallinguistic processes contribute to the word length effect on parafoveal and foveal vision in reading and dyslexia is unknown. Scholars recently suggested that visual crowding is an important factor for determining an individual's reading speed in fluent and dyslexic reading. We studied whether the NrL or the spatial width of target words affects fixation duration and saccadic measures in natural reading in fluent and dysfluent readers of a transparent orthography. Participants read natural sentences presented in a proportional font that contained spatially narrow and wide four-to seven-letter target words. The participants looked at spatially narrow words overall for a longer duration partially due to more frequent regressions, which showed that crowding can disrupt word recognition during normal reading. In addition, reliable NrL effects on fixation duration suggest that letters are important attentional units during reading. Saccadic measures including relative landing position, refixation and skipping probability were strongly affected by spatial width and slightly affected by the NrL, which suggests that saccadic programming and parafoveal processing of upcoming words are limited by visual acuity more than by attentional factors. The dysfluent readers overall had longer fixation durations for words but did not show larger crowding or NrL effects.
However, word length effects could reflect visuospatial processing. The leading models of eye movement control in reading assume that the speed of letter recognition increases by the distance of the letter from the fixation point (e.g., Engbert, Nuthmann, Richter, & Kliegl, 2005; Radach & Reilly, 2006; Reichle, Pollatsek, & Rayner, 2006) , which is called here as the visual acuity hypothesis for letter encoding. In principle, this process may be responsible for the temporal word length effects within foveal vision, and deficits in this process may contribute to larger word length effects in readers with dyslexia. In contrast, visual crowding (Bouma, 1970 (Bouma, , 1973 , which is the degradation of the spatial frequency of vision as a function of eccentricity, impairs perception of nearby objects in peripheral and parafoveal vision. Pelli, Tillman, Freeman, Su, Berger, and Majaj (2007) provided extensive evidence that reading is essentially achieved within an uncrowded span that roughly equals the foveal vision and the perceptual span, beyond which the crowding makes identifying letters impossible. Visual interference of very near objects (< .1 visual degrees) within foveal vision is called foveal crowding (Levi, Klein, & Hariharan, 2002) . Although this concept is controversial (Huurneman, Boonstra, Cox, Cillessen, & van Rens (2012) , visually more densely packed words may be harder to read and lead to increased fixation times.
Regarding dyslexia, Martelli and colleagues (2009) found that children with dyslexia showed larger crowding effects in a peripheral letter identification task, and the magnitude of this crowding effect was associated with individual differences in reading speed. Bellochi et al. (2013) reported similar findings in a subgroup of individuals with dyslexia. Providing further support for the idea of a visual processing deficit in at least a subgroup of individuals with dyslexia, scholars recently reported that individuals with dyslexia showed abnormalities in several low-level oculomotor skills including binocular coordination (for a review, see Bellochi et al., 2013; Gori & Facoetti, 2015) . Recent research reports that increasing letter and word spacing improve reading speed in children with dyslexia (Perea, Panadero, Moret-Tatay, & Gómez, 2012; Zorzi, Barbiero, Facoetti, Lonciari et al., 2012) . Zorzi and colleagues (2012) suggested that wider letter spacing may help children with dyslexia focus on each letter during the phonological decoding process.
Word spaces and word length are important determinants of saccadic behaviors such as landing position (where to fixate on the word) and whether to skip or refixate a word (for a complete review of saccadic behavior during reading, see Rayner, 1998 and Schotter, Angele, & Rayner, 2012) . Saccades are planned toward the preferred viewing location slightly left of the word center, which provides optimal visibility of the words.
Corrective refixations toward the word center are made after mislocated fixations due to oculomotor error. If the word is long and extends over the foveal vision, the initial fixation location shifts to the word beginning, and the probability of making a progressive refixation increases, which suggests that refixations may even be preplanned according to word length information in the parafovea (Vergilino-Perez et al., 2004) . Very short words are often skipped, especially when the preceding fixation is near, presumably because they fall within the acuity vision and can be parafoveally identified to a sufficient degree.
Skipped words are then regressed more often because the parafoveal recognition may have been erroneous or words were skipped by accident due to oculomotor error in saccade targeting. Regressions are also made due to challenges in reading comprehension.
Generally, this body of knowledge is almost exclusively based on studies that manipulated word spaces and word length in text presented in a monospaced font. Therefore, whether attentional or perceptual span (NrL), or visual (spatial width) factors are responsible for these saccadic effects, or both is not actually known. In addition, whether parafoveal preprocessing affects the landing position and the probability of skipping a word is governed by attentional or visual acuity limitations are not known (Schotter et al., 2012) .
Some studies have been conducted on visuospatial influences on readers' eye movements. One method for studying these influences involves manipulating fonts and letter spacing. Rayner, Slattery, and Bélanger (2010) used the moving window technique to investigate whether letter spacing of proportional and monospaced fonts influences readers' eye movements. Although the researchers observed no effects on the perceptual span in the number of words, the decreased letter spacing led to a faster overall reading rate via the decreased number of fixations and their duration, but the number of regressions increased. In a follow-up study in which Slattery and Rayner (2013) manipulated letter spacing, text presented with standard letter spacing yielded the fastest reading times relative to the decreased or increased letter spacing condition. The authors also observed benefits in the average fixation duration for decreased letter spacing when the word spacing was increased, which suggested crowding effects were present at the letter and word levels during reading. Regarding font effects, Rayner et al. (2010) did not find an overall difference in reading rates; however, in Slattery and Rayner's study the proportional font was read faster than the monospaced font. A common finding for both studies and our previous study (Hautala et al., 2011a) is that proportional fonts tend to be read with fewer but longer fixations than monospaced fonts, which suggests two Language, Cognition and Neuroscience 8 contrasting factors affect reading: While more letters in a proportional font fall in acuity vision, crowding is increased by the shorter distance between the letters.
However, in contrast, Perea and Gomez (2012) found that slightly expanded letter spacing provided weak benefits for reading speed and average fixation durations, but larger expanded spacing resulted an increased number of fixations per word. Perea and Gomez also found the initial fixation locations shifted to the word beginning when the letter spacing was expanded, but Slattery and Rayner (2013) did not confirm this finding.
One possible reason for these conflicting findings across letter spacing and font studies is that manipulating letter spacing leads to unfamiliar typography for a reader, which may have consequences of its own for readers' eye movements.
In an early study, Morrison and Rayner (1981) studied eye movements when individuals read identical text at varying viewing distances. The researchers found viewing distance had no effect on saccade amplitude in letters, which led the researchers to conclude that attentional, not visual, factors determine how many letters are processed during a fixation. However, fixation durations were longer at larger viewing distances, suggesting that visual factors affect how efficiently letters are recognized.
Recently, Miellet, O'Donnell, and Sereno (2009) compensated for the degradation of visual acuity by magnifying parafoveal letters accordingly. The researchers assumed that if the perceptual span were limited by visual acuity, parafoveal magnification would improve parafoveal letter recognition and lead to increased perceptual span. This manipulation did not increase the perceptual span measured by varying the size of the moving window, which led the authors to suggest that the perceptual span is limited by attention, not visual acuity. We believe it is difficult to draw any firm conclusions about normal reading from such an unnatural reading condition; however, reading with and without parafoveal magnification seemed to be surprisingly similar. The authors agreed that providing their participants more training with such an unnatural reading condition may have made improvements in reading possible. McDonald (2006) rendered all words in a text with an equal spatial width and compared eye movement measures with six-and eight-letter target words. He found that temporal fixation duration measures that reflected word recognition including first, single fixation and gaze durations and a saccadic measure of refixation probability were influenced by the NrL, whereas most of the saccadic measures, including skipping probability, landing position and launch distance, were not affected by the NrL in a word. In the present study, we optimized the experimental design by comparing reading of narrow and wide four-to seven-letter words, all presented in the same proportional font. By manipulating the orthography of the words' spatial width and the number of letters, we aimed to resolve whether fixation duration and saccadic word length effects on readers' eye movements result from the visual (spatial width) or attentional (NrL) level of processing, and whether these effects are associated with reading fluency. According to the attentional view, the fixation duration and saccadic effects (except landing position) should be based on the NrL. According to the visual acuity hypothesis, the fixation durations should be longer for wider words, and the saccadic measures should reflect the increased processing demands of wide words (less skipping and more refixations and regressions). According to the visual crowding hypothesis, the fixation durations should be longer, and the saccadic measures should reflect the increased processing demands of narrow words that contain more objects in a given space. Dysfluent readers were expected to show generally increased fixation durations and more frequent refixations and regressions, and possibly a larger influence of NrL and crowding on these measures.
Materials and methods

Apparatus
An SMI Hispeed eye tracker with a 500 Hz sampling rate was used to record the eye movements of the participants' right eye. The computer screen (size 375 × 300 mm, resolution 1024 × 768 pixels) was located 670 mm from the participant's eye.
Participants
The participants were 37 native Finnish-speaking young adults (age M = 20, SD = 4.8 years). They were recruited by sending an email to the student mailing lists of local high schools, a vocational university and a university. In the letter, students with and without reading problems were invited to participate in the study. A written informed consent was obtained from the participants before their participation. The experiment was undertaken in accordance with the Declaration of Helsinki. The ethical committee of the University of Jyväskylä approved the research protocol. The participants' reading skills were assessed with text reading and word list reading subtests from an assessment battery for reading disabilities (Nevala, 2007) . In the text reading subtest, the participant score was the number of words read aloud within a 3 min time limit. The word list reading subtest participant's score was the time taken to read aloud the 30-item word list. The participant was considered a dysfluent reader (DYS, N = 11) if he or she scored below the 11 th percentile in population on either the text (controls 366 words, DYS 295 words, t(32) = 5.3, p <.001) or word reading subtask (controls 22.2 s, DYS 36.5 s, t(32) = 7.3, p <.001) while the other participants constituted the control group of fluent readers.
The participants' IQ was assessed with the standard progressive matrices test (SPM test; Raven, Raven, & Court, 1998) . One participant was excluded from the analysis due to a poor score on the SPM test, after the groups had equal IQs, t < .62, and another was dropped due to an incomplete measurement. Participants received movie tickets as compensation for their participation. Eye tracking of one participant was not possible due to her tendency to keep her eyes half closed. Thus, our total sample was 34.
Target words and sentences
To study the independent influences of the spatial width of a word, and the NrL in a word, narrow words that contain several narrow letters such as "l," and wide words that contain several wide letters such as "m" were selected as the target words. Each category Language, Cognition and Neuroscience 12 of wide and narrow four-to seven-letter words contained 20 words, for a total of 160 target words. The visual and psycholinguistic descriptions of the stimuli are presented in Table 1 , and the entire list of the stimulus sentences is in the Aappendix A. The categories were controlled for word and bigram frequency, based on a large newspaper text corpus of lemma frequencies (Language Bank of Finland, 2007) . The number of orthographic neighbors was also controlled except between four-and seven-letter words since longer words have unavoidably fewer word neighbors in Finnish. The target words were embedded in 80 sentence beginnings, paired as follows: 1) narrow four-letter and wide seven-letter words, 2) wide four-letter and narrow seven-letter words, 3) narrow five-letter and wide five-letter words, and 4) narrow six-letter and wide six-letter words.
A comparison of pairs 1 and 2 would reveal whether the NrL effect is a similar size when the spatial width of the words is the same (i.e., controlled) vs. very different (i.e., not controlled), whereas separate analyses of pairs 3 and 4 would reveal whether spatial width has an effect when the NrL is controlled. Pairs 3 and 4 could not be included in the same analysis since narrow five-and six-letter words and wide five-and six-letter words had different spatial widths. For the same reason and because of the differing sentence frames, we did not evaluate the main effect of spatial width in the analysis of pairs 1 and 2.
Word pairs were formed so that they shared the same part of speech (nouns with nouns, etc.) and that they had semantic likeness within a word pair. Examples of the stimuli embedded in the envelope sentences are shown in Figure 1 . We constructed sentences with long words around the target word to minimize pre-and post-target word
skipping. An online survey (Limesurvey; Schmitz, 2010) was used to evaluate the predictability, plausibility and emotional charge of the sentences, and there were no differences in these qualities within sentence pairs, Fs < .1. Predictability was established with the standard cloze probability procedure. Plausibility evaluation was performed by presenting the sentence pair to the survey participants and asking whether sentence 1 was more plausible, or sentence 2 was more plausible, or the sentences were equally plausible.
Emotional charge was evaluated by asking the survey participants whether sentence 1 evoked emotional reaction, sentence 2 evoked emotional reaction, both sentences evoked emotional reactions, or neither sentence evoked emotional reaction. 
Procedure
Participants leaned their head against a forehead and chin rest. A 13-point calibration procedure was repeated at the beginning of the experiment and after every 40 sentences, and was repeated if the deviation between the calibration and the validation was more than 0.2 degrees. Each trial started with the requirement to look a fixation cross at the left edge of the upper half of the screen for 500 ms, which triggered the stimulus sentence to appear. After the participant read the sentence, he or she fixated for 500 ms on a fainter fixation cross at the right edge of the screen, which triggered the sentence to disappear. Sentences were presented in the proportional font Calibri at 16 points (see Table 1 for the visual degrees of the stimuli words). After 24 specific sentences, a yes or no question about the previous sentence appeared, and the participants were instructed to answer by choosing the correct alternative with the mouse. All 160 sentences were randomized for every participant.
Data processing
Fixations were detected with the saccade-velocity-based algorithm developed by the eye tracker manufacturer (SMI). The area of interest was analyzed and the dependent measure was calculated with the manufacturer's analysis package for reading studies. The parameters for detecting a saccade were a saccade velocity threshold of 40 °/s and a minimum saccade duration of 22 ms; however, these parameters left some anomalies to saccadic amplitude data so saccades that exceeded 150 pixels in length were excluded from further analyses (56 cases). Fixations shorter than 50 ms and longer than 1000 ms were excluded from further analysis.
Data analysis
The following target word-specific measures that reflect word recognition processes were selected: Total fixation duration and first-pass gaze duration reflected the overall and first-pass word recognition processes, respectively. Single-fixation duration included occurrences when a word was recognized by one fixation. To study the influence of manipulated variables on eye movement control, saccading measures including relative landing position (percentages of a word's horizontal width) and refixation, skipping and regression probabilities were analyzed. In the within-subject F1 analyses, these measures were the subject of repeated measures analysis of variance with two-level within-subject factors of the NrL (four, seven) and spatial width (controlled, not controlled) in the analysis of four-and seven-letter words. In this analysis, we were not interested in the main effect of spatial width (as it was presented in different sentence pairs) but in the possible interaction of spatial width and the NrL. In the analyses of fiveand six-letter words, there was a two-level spatial width factor (narrow, wide). A two-level between-subject factor of reading fluency (CONTROLS, DYS) was used in each analysis. Significant interactions were inspected with paired t-tests. In the F2 item analysis of four-and seven-letter words, there were two-level within-subject factors of NrL (four, seven) and Group (CONTROLS, DYS) and a two-level between-subject factor of spatial width (controlled, not-controlled). In the F2 analyses of five-and six-letter words, there was a two-level within-subject factor of spatial width (narrow, wide) and
Group (CONTROLS, DYS).
The three analysis blocks were used to test the following hypotheses: If narrow words induced values that reflected increased processing demands, the crowding hypothesis was supported. If wider words induced values that reflected increased processing demands, the visual acuity hypothesis was supported. If spatial width had no influence but the NrL did, the letters as cognitive processing units hypothesis was supported.
Results
The means for all measures are given in Tables 2 and 3 
Influence of orthogonal manipulation of spatial width and NrL
Single fixation duration
The NrL had a main effect, F1(1, 32) = 8.264, p = .007, ŋ 2 p = .205, F2(1, 38) = 3.196, p = .082, ŋ 2 p = .078; seven-letter words received longer fixation durations than four-letter words (286 vs. 265 ms).
Gaze duration
The NrL had a main effect, F1(1, 32) = 24.112, p < .001, ŋ 2 p = .430, F2(1, 38) = 17.984, p < .001, ŋ 2 p = .321; seven-letter words received longer fixation durations than four-letter words (302 vs. 270 ms).
Total fixation duration
The NrL had a main effect, F1(1, 32) = 20.515, p < .001, ŋ 2 p = .391, F2(1, 38) = 9.730, p = .003, ŋ 2 p = .204, seven-letter words received longer fixation durations than fourletter words (339 vs. 387 ms). The main effect of Group, F1(1, 32) = 8.189, p = .007, ŋ 2 p = .204, F2(1, 38) = 96.930, p < .001, ŋ 2 p = .718, indicated that overall the DYS group looked at the target words longer than the controls (409 vs. 317 ms).
Refixation probability
The main effect of NrL, F1(1, 32) = 14.998, p = .001, ŋ 2 p = .319, F2(1, 38) = 10.327, p = .003, ŋ 2 p = .214, was accompanied by the two-level interaction of Width x NrL, F1(1, 32) = 6.226, p = .018, ŋ 2 p = .163, F2(1, 38) = 2.733, p = .107, ŋ 2 p = .067. This interaction resulted from the increase in refixation probability, when spatial width was
Language, Cognition and Neuroscience 20 not controlled for (from .25 to .38; t(33) = -4.40, p < .001) but not when it was controlled (from .32 to .36; t(33) = -1.67, p = .104). The main effect of Group, F1(1, 32) = 5.851, p = .021, ŋ 2 p = . 155, F2(1, 38) = 44.129, p < .001, ŋ 2 p = .537, indicated that overall the DYS group made more refixations than the controls (.39 vs .27, respectively).
Relative landing position
The main effect of the NrL, F1(1, 32) = 60.548, p < .001, ŋ 2 p = .654, F2(1, 38) = 51.577, p < .001, ŋ 2 p = .576, was accompanied by the two-level interaction of Width x NrL, F1(1, 32) = 23.872, p < .001, ŋ 2 p = .427, F2(1, 38) = 10.964, p = .002, ŋ 2 p = .224.
This interaction resulted from a shift in the relative landing position to the word beginning in seven-vs. four-letter words when spatial width was not controlled for (from 58% to 46%; 9.08, p < .001), relative to when it was controlled (from 56% to 52%; 4.09, p < .001).
First-pass skipping probability
The main effect of the NrL, F1(1, 32) = 38.991, p < .001, ŋ 2 p = .549, F2(1, 38) = 220.850, p < .001, ŋ 2 p = .853, was accompanied by two-level interaction of Width x NrL, F1(1, 32) = 29.165, p < .001, ŋ 2 p = .477, F2(1, 38) = 76.681, p < .001, ŋ 2 p = .669. This interaction resulted from the larger decrease in the probability of skipping as a function of the NrL when spatial width was not controlled for (.27 to .02; t(33) = 7.42, p < .001) relative to when it was controlled (.12 vs .05; t(33) = 3.44, p = .002).
Ten point two percent of the word skips to narrow words were likely overshoots shown as missing tails in landing position distribution. Although this value was subtracted from the skipping probability in the narrowest word category (narrow four-to five-letter words), the effect of spatial width on word skipping remained highly significant , F(1,34) = 14.6, p = .001, ŋ 2 p = .307, when compared to wide four-and fiveletter words.
Summary
There was a reliable NrL effect of 18 ms per letter on the total fixation duration measure, and a 10 ms per letter -effect in single fixation duration -measure, yet this latter effect was only a trend-like in item-analysis. Skipping and refixation probability and landing position were clearly affected by spatial width, with the exception that the effect in refixation probability was not significant in item analysis. These variables were also slightly affected by the NrL, since words with a higher NrL and wider words were landed more toward the word beginning, refixated more often and skipped less often than narrower or shorter words. The DYS group was associated with longer total fixation duration and more frequent refixations.
The effect of spatial width
Single fixation duration
In five-letter words, the main effect of Width, F1(1, 32) = 14.837, p = .001, ŋ 2 p = . 317, F2(1, 19) = 15.744, p = .001, ŋ 2 p = .453, resulted from the longer fixation duration on narrow (272 ms) vs. wide words (241 ms).
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In five-letter words, the main effect of Group, F1(1, 32) = 5.621, p = .024, ŋ 2 p = . 149, F2(1, 19) = 33.649, p < .001, ŋ 2 p = .639, resulted from longer durations for the DYS group (291 ms) relative to the controls (243 ms).
Total fixation duration
In five-letter words, the main effect of Width, F1(1, 32) = 15.561, p < .001, ŋ 2 p = .327, F2(1, 19) = 7.540, p = .013, ŋ 2 p = .284, resulted from longer durations for narrow (366 ms) vs. wide (312 ms) words. The main effect of Group, F1(1, 32) = 9.755, p = .004, ŋ 2 p = .234, F2(1, 19) = 24.572, p < .001, ŋ 2 p = .564, resulted from longer durations for the DYS group relative to the controls (379 vs. 298 ms). In six-letter words, the main effect of Width, F1(1, 32) = 7.059, p = .012, ŋ 2 p = . 181, F2(1, 19) = 2.022, p = .171, ŋ 2 p = .096, resulted from longer durations for narrow (384 ms) vs. wide words (357 ms).
Regression probability
In five-letter words, the main effect of Width, F1(1, 32) = 23.635, p < .001, ŋ 2 p = .425, F2(1, 19) = 8.385, p = .009, ŋ 2 p = .306, resulted from the higher regression probability for narrow (.17) vs. wide (.08) words. In six-letter words, the main effect of Width, F1(1, 32) = 12.165, p = .001, ŋ 2 p = .275, F2(1, 19) = 7.283, p = .014, ŋ 2 p = .277, resulted from the higher regression probability for narrow (.17) vs. wide (.09) words.
The narrow words might have been regressed because they were skipped more often (20.5% vs. 10.6% of trials). However, the same pattern of results was present when the analysis of the regression probability was restricted to non-skipping trials, which suggests that the regression probability findings were not only consequences of skipping for five-letter words, F1(1, 32) = 17.1, p < .001, ŋ 2 p = .341, and six-letter words , F1(1, 32) = 13.7, p = .001, ŋ 2 p = .294.
Relative landing position.
In five letter words, the effect of width only approached significance, F1(1, 32) = 3.940, p = .056, ŋ 2 p = .110, F2(1, 38) = 4.228, p = .054, ŋ 2 p = .182. Wider words were landed more towards word beginning (55 %) than narrow words (59 %).
In six letter words, the effect of width was highly significant, F1(1, 32) = 40.612, p < .001, ŋ 2 p = .559, F2(1, 38) = 15.9, p = .001, ŋ 2 p = .456. Wider words were landed more towards word beginning (50 %) than narrow words (55 %).
First-pass skipping probability
In five letter words, the effect of width was highly significant, F1(1, 32) = 29.915, p < .001, ŋ 2 p = .483, F2(1, 38) = 68.413, p < .001, ŋ 2 p = .783. Narrow words were skipped more often than wide words (0.26 vs. 0.09, respectively)
In six letter words, the effect of width was significant, F1(1, 32) = 5.390, p = .027, ŋ 2 p = .144, F2(1, 38) = 7.255, p = .014, ŋ 2 p = .276. Narrow words were skipped more often than wide words ( 0.8 vs. 0.04, respectively)
Summary
Narrow vs. wide five-letter words were fixated on longer in the single fixation duration and total fixation duration measures and regressed more often, and narrow vs.
wide six-letter words were regressed more often and had longer total fixation durations in subject but not in item-analysis. However, these effects were substantially weaker than in five-letter words. The DYS group was associated with overall longer fixation durations in five-letter words in the gaze duration and total fixation duration measures. Similarly what was found in orthogonal analysis of spatial width and NrL, skipping probability and landing position were strongly governed by spatial extent of words.
Discussion
We studied how spatial width and the NrL in the target words affect eye movement measures during typical and dysfluent reading. We found that the total fixation durations (the sum of the durations of all fixations on a word) on narrow words were somewhat higher than those for wide words, which suggests that visual crowding in foveal vision may increase fixation durations, not visual acuity limitations, when individuals read relatively short words fit mostly on foveal vision (only the wide six-and seven-letter words were wider spatially by more than two degrees). This finding is in line with recent findings that visual crowding is an important factor in reading Pelli et al., 2007; Perea & Gomez, 2012; Slattery & Rayner, 2013; Zorzi et al., 2012) . The crowding in our data partially resulted from more frequent regressions to narrow words, which suggests that crowding disrupts word recognition during first-pass reading, and thus, the readers had to return to check the word. This finding agrees with two recent reports on increased regression rates for text presented in decreased letter spacing (Rayner et al., 2010; Slattery & Rayner, 2013) .
The crowding effect on fixation durations was especially strong in five-letter words but much weaker in six-letter words. Narrow five-letter words may have been perceptually the most challenging because they consisted of similar visual letters with high spatial frequency, for example, tilli (dill), whereas the most narrow six-letter words were somewhat less crowded because they consisted of letters of more variable width, for example, piikki (spike). This suggests that not only the letter spacing but possibly also the distance between letter center points or, in general, the overall discriminability of letters within words counts when it comes to visual processing of words. This view is in accordance with the recent understanding of the multilevel nature of crowding (Whitney & Levi, 2011) . Overall, we conclude that the effect of visual crowding can be substantial, but only among very densely packed words. Further, visual and lexical processes may also interact if the visually challenging word has visually similar word neighbors, such as tilli/tiili (dill/brick). Although the number of orthographic neighbors between narrow and wide words was controlled in this study, future studies should investigate additional specific interplays between visual crowding and lexical processes.
In line with our previous study (Hautala et al., 2011a) , there was a consistent NrL effect in summative fixation duration measures. In gaze duration, there was an NrL effect but no crowding effect, indicating that these effects can occur independently of each other. However, the NrL effect on words with equal spatial width can result from crowding since there are more objects in the given space, while the NrL effect on words with various spatial widths may result from refixations. Therefore, the single fixation duration measure may be the purest measure for comparing crowding and NrL effects. This is justified also from the viewpoint that visual effects should appear early during the time course of word processing, and therefore be present already in single-fixation duration. The results in this variable indicated the NrL effects were similar irrespective of Language, Cognition and Neuroscience 26 whether the spatial width was controlled (a crowded condition) or not, suggesting that this effect was due to the NrL, not crowding. The temporal word length effect resulted mainly from the genuine NrL effect, whereas particularly crowded words seemed to provide an extra visual challenge for a reader. Thus, we believe letters are important attentional units in reading. However, letters of very familiar words may be processed in parallel (Coltheart et al., 2001; Perry et al., 2007) ; thus, the NrL effect may be even absent (see Hawelka et al., 2010 for a recent eye movement study).
The saccadic measures were heavily influenced by the spatial width of the word but also slightly by the NrL. The landing position shifted to the word beginning, refixations were more frequent and skipping was less frequent for wider and longer (NrL) words. Generally, this pattern of findings is in line with the view that spatial instead of linguistic information is predominantly used for saccade targeting while linguistic information is mainly used for word recognition processes (Inhoff et al., 2003) . However, this finding suggests that this functional dissociation is not all or nothing, but linguisticattentional demands of the upcoming word are used to fine-tune the saccade targeting.
Since the number of letters is a factor in word recognition that consistently affects fixation times, the saccadic system is also affected by this processing demand to some extent: Words with fewer NrL could be more easily recognized parafoveally and thus skipped, and landing more toward the word beginning of words with more letters prioritizes processing of the word beginning (Hautala & Parviainen, 2014) and leaves more space for progressive refixation saccades (Vergilino-Perez et al., 2004) .
The strong influence of spatial width on saccadic measures is most likely caused by visual acuity limitations. If a word is spatially wide, the initial saccade lands more toward the word beginning to provide a high-quality visual sample of the word beginning, while refixations may be done to provide a higher-quality visual sample of the word ending. Similarly, very narrow words may be skipped because they are within reach of the foveal vision from the previous fixation location and could therefore be parafoveally identified. Such identification, however, is futile as shown by generally more frequent regressions to skipped words. Further, the effect of spatial width on the skipping rate depends on some currently unspecified typographical factor, since Slattery and Rayner (2013) did not find clear effects of increased or decreased letter spacing (which affects words' spatial width) on the skipping rate, yet skipping occurred more frequently on a spatially more condensed proportional vs. spatially wider monospaced font in their study.
The finding that spatial width has an important role in parafoveal processing in landing position and skipping (see also Hautala et al., 2011; McDonald, 2006) contradicts the view that the parafoveal preprocessing of words is mainly limited by attention, not visual acuity (Miellet et al., 2009; Schotter et al., 2012) . Our results do not favor any models of eye movement control in reading (Engbert et al., 2005; Reilly & Radach, 2006; Reichle et al., 2006) but suggest that visual acuity limitations should be stressed over attentional limitations in processing of upcoming words.
In regards to reading fluency, dysfluent readers had overall longer fixation durations, and made more refixations. Since reading speed was not consistently associated with the effect of spatial width on temporal eye movement measures, we conclude that crowding was not related to reading fluency in our sample of adult readers.
In contrast to several developmental studies (De Luca et al., 1999; Hautala et al., 2011b; Hutzler & Wimmer, 2004; Hyönä & Olson, 1995) , but in line with a study with adult Language, Cognition and Neuroscience 28 readers with dyslexia (Hawelka et al., 2010) , dysfluent readers showed only insignificant trends toward a larger NrL effect. However, this is not to say that specific visual or letterprocessing deficits could not be found in a subgroup of individuals with dyslexia suffering from problems in visual processing (Bellochi et al., 2013) or generally in readers who are more affected than the dysfluent readers studied here. In more severely affected readers, disturbances in letter processing are more likely to be detected (Moll, Hutzler, & Wimmer, 2005) .
In conclusion, the present results support the view that letters are important attentional units in processing of foveally fixated words while visually very crowded words require longer viewing time to be correctly identified and still must be regressed in some cases. However, neither the NrL nor the crowding effect was associated with reading fluency in our data. Our results also provide strong new evidence that all saccadic behavior is more strongly governed by a visual (spatial width) rather than attentional (NrL) factor. Very narrow words within the reach of acuity vision while fixating on the preceding word can be parafoveally identified and skipped, while spatially wide words are landed on more toward the word beginning and refixated more often, presumably to attain a high-quality visual sample of the word beginning and end. 
